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_t - percent cloud (earth) coverage and cloud heights. Both algorithms were
found to perform well under some meteorological circumstances, but not
so well under others. In general, however, it was found that CLUSTER
performs better. The CLUSTER algorithm found clear/cloud boundaries,
numbers of cloud layers, and fractional cloud covers that are closer to
estimates made by analysts looking at corresponding IR and visible images.
The MODAL algorithm found more cloud layers than were observed, and
tended to overanalyze the transition regions between cloud layers.

Despite the overall advantages of CLUSTER, there is consider ble
room for improvement and algorithm development leading to impr ved
cloud analysis. For instance, CLUSTER finds too many layer )f cirrus
clouds due to differing transparencies and sub-pixel size irrus cloud
elements. It is possible to improve the cirrus_]y g problem by tuning
the algorithm to be less sensitive to smaller thermal gradients at cold
tem plsrl, ifres. CLUSTER can be tuned for other cloud types and levels
ac well.>The AFGWC has recognized the limitations of MODAL and the com-

plications in its computer code. Subsequently, a substantially revised
version of the 3DNEPH has been written, and is known as the Real-Time
Nephanalysis (RTNEPH). With the continued cooperation of the AFGWC,
we plan to evaluate this wprogram's image analysis algorithm and
recommend changes an i rovements for it, drawing on our experience
with MODAL and CLUS ER.
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Evaluation of Automated Imagery
Analysis Algorithms for Use in the
Three- DimensionalI Nephanalysis

Model at AFGWC

1. I NII{OM CION

\ n atotmated satellite cloud analv si., sv stem has- heen in kise fur ove r a

decade at the Air Force ( lohIal Wkeather ('entral at ( )ffLutt \ 1 1, Nphrasla. I hi.

szys-tem i.s known asn the :ll)NI:1 'i (Nephanalvsi6) Mlodel and haa been di,,cri bed bY
Iobill n I ad F\ -, 2 It ISA aVet-%X CO PrI) n.CIv sIstC that m1ergLes sato 11 1L

llilXityfoi'i onl aind conVen~tional "'acteOr-11id 1 (1:l dt3 to Iprodulce _'
1obal

rlomui analvse.,: ei-dht time, a da.The inlfraired processor is an iloluirtant cow -

ponetlt of thi, sX :atei msin1ce thle ifraled 1 mage is the sole source oif satell ite
inform ation at niL 2ht. F re'uentl.\ this is the cane during thle (laX Is wetll.

11 jaor component of the infrare . ri nagrth aldM l

that ': d esjne(I to sepajrate major rznsor laX er in -1 2.5 x 25 n mi rrid box

%Oliei consi its; of anl :rix )f 8 x1inifti-cd vallues havini! a' nominlal :)1 n ml

res ~ Tl *LNl 'e\( 8) \I. 1, 2 itin hi..touiI 11 cpflriltionl prleeedlure thA

give, fromr onek to, fon111 di'tittt eio>or 1:1\er, for earl.h g i b. ( )ill

lzeceivel for pubjication 22 lecceie 1982

1. t (burn, \ . RI. (1071) Improved rhree -I imensionail NephanaX sL,, \1'i \%('
Technical \enrnu 12

e.X, I 1K (197:0Th \1V( M\ ( \utomated (loud Analsi Model, \ItW
le'chnical \lenor;indum 781-0012.



objective is to try to understand this algorithm better. What are its weaknesses?

Where are its strengths?

An algorithm developed by Hawkins 3 , 4 to analyze satellite data operates on

infrared images, and can 1)e configured to give much the same type of output as

NIODA L. This alg-orithm, called CIA STKH, separates the infrared images into

mutually exclusive regions. \11 points are assigned to a region, whereas in

MUl(I)\ X1. some points maY he left unassigned. In CIA'STELH, as in MODAL, the

number of regions can he from 1 to -4. We will alternately refer to these as

Live rs or clusters. In NNl )D \ I analyses they have traditionally been called modes

as well.

[he object of this report is to describe MODAL, and CLU-STER, and to com-

pare the results of ;largre sample of cases where the two algorithms were run

side by side. [hose evaluations are made possible by the AI-(;. Man-Computer

Interactive [Data \cces-, Systemi (\IcIDAS) which is an interactive computer sys-

tem. The algorithms wore programmed for the McID-\S, and a procedure was

arrived at for compairina the two algorithms for different cloud situations. After

s;ome experimentation, a sample set of 350 cases x as selected from smoothed

n rOil LcIl imagery. i.'ach case consists of an array of 1S x 16 infrared

dra-sh~%e, hich !ealns that each cas e contains 4 MIODAL analyses, or a total

of 14100 MI( I)D \ 1. anal\ soes for the entire Atudv * The cases cover a wide range of

c'loud t\ps jrc'urol t mes id corhinations of cloud and ground. Considerable

jn.sLht into the aliforithuis was ained byv imrage analyvsts in reviewing these sets

of data, imid it i. felt that the basic -samiples provirie a -weil-rounded data set not

onl% for this nttld\ hut f( r further investizc tion,.

The basic natures of the tv,-o aL~rorith- tudied here are very different since

\1(I)D \1, is :i hi~to_,r-wm evil oath n al 2,orithmi and ClU~SF ix is a dynamic algorithm.

I etail s of thieir struicture and operation w,.ill now be given.

A. II iwk in-, Rope rt N, (12 :0) \ tioslorinLg Technique for Satellite Image
\nal\ sis, I'i'c-. 9th ( onf. on \, eathe c Forecasting and Analyvsis,
\11er. meteor.soc.7T-Ii,T._

1. 13awkino1, RIIoe rt S. (1981 IO bjective Analy.\1sis of Satellite Cloud Imagery,
I roc. 19,21 Internationral ( ieo~cienceo and Remote Sensing Sy mposium,

1111 enscience and Remote Sensinci Societv Volume 1, 477-482.



2.1 IntrodI'tion amd Details of MOI)AL

The III processor oi the 3DNFPH merges infrared data, the surface and upper

air temperature fields, and the geography and terrain fields to produce an eighth-
2

mesh (25 n mi) cloud analysis on the 31)NEPII grid. Cloud-top heights, temper-

atures, and total cloud amounts for up to two "most significant" layers are

determined. (Most significant' is defined in the 3DNEPH satellite processor

as the two coldest layers separated by 1500 feet or more.)

The automated Il imagery analysis algorithm M()DA, is the routine used

hy the 3l)N!. I'll. MtUD\I. is capable of detecting tip to four layers, or modes, of

clouds (including 'clear' if it is present). It constructs a histogram of the III

-ray'shades (see Figure 1) of an 8 x 8 II image orra. These grashades are

5 ~MODE 1 ~ ---- 4- 2 - 3 -- m.15

MAX I  HINCLUDED INTO MODE I BY STEP 5 -
10 I

3MAX

5A A

X. 2

30 34 38 42 46 50 54 58 62

WARM IR GRAYSHADE (6-BIT) COUNTS t COLD

I irure i. .11) I\ . Ilistofram Analvsis

then separated into modes (there are :3 modes in Figure 1) and a representative

2 rav-3hade is determined. t sin "'(C(D" as the coldest grayshade within a mode,

"M \\' as the average Lrayshade of a mode, and "M..X" as the most frequent

,rayshade within a mode, Table 1 lists the seven possible ways that a mode's

representative grayshade is determined for the cloud/no-cloud decision, and

for its height. ;.ach mode's representative "height" grayshade value is first

crnverted to an equivalent IR temperature, then corrected for water vapor

S.



Table 1. Options for Representative (drayshades of a Mode

Scheme Cloud/
Number No Cloud Height

1. COLD COLD

2. MAX MAX

3. MEAN MEAN

4.MA1X COLD)

5.MEAN COLD

6.MEAN MAX

MAX ME:AN

attellitio'n aIl look mL"Ik, ailld fina~ll' co lc t'ited to the lejolht of ti'.mo( ile i.-,fL'

the eighth -mesh surface and upper air temperature profile, If the representativ(

cloud! no -cloud' tem10perature of a mode is not si gnifi cantly diffe rent from the

surface to iipe rature, then that mode is flagged a,; ''no cloud. '' Thle total cloud

amount is deuterm11inled hY suiiin', the nunm her of pixels in the cloud miode(s) and

dividin- Ilv the total nn1-mher of pixels inl the image array.

The choice of schemes in I'able I allows for tumingl of the 3N:1'Ioutput to

the need.- of its urs*( 'urrentlY, the nephanalv si. uses Schenme 1. Such a

choice tenlds to ore cc sti i Lite tihe presecnce of c loud,,~ since tie cold point of a
mlode Tma\ he snicatrcolderc than tue 'M:l\\ or the NMAX of the modle. This

scheme also tendis to ovre:cti mate the altitude of low clouds; hioweve r, this

scheme maY 1r les-t for semilit ransparent cirrus clouds since all of their lCra-, -

s hades miaY he warmer thian the true clou-d temperature. \n exNaminple i sLiv en

late r. \ description of the logic \l( )lD \ 1, klses to di sting Luisl I clud Ila,\e 1rs f ollow~w

Vt (l V 1. operates; onl the ( - hit IlRl ili a Le valuies of all 8i x 8 -pix\el array\

('25 n mii 25 n mi nomlinal sizec), Its ohtecti%-e is to separate clear rei~iotls anld

Cloudi la.i\,i.' priesenlt inl the imsi t- s4awlde. Ilie, first functionl of thealotlmi

to jenel':te, i iiistolralil of the 8 .>i :i (<;ee ['ido1re 1). \lode, :ire then

definled in tinh llwn manner. \11 -;earchmin2 i, lone from the Colild of tihe

isij'i to tinhe n end, 1t.-11e1 liitl stalt(d otilerwis e.

1. \ eawch - ii, ile IlirinuLl the histoiram for
that trai shale that appeuar,; 11(1st frequently'% in
tile 'irrar%. I' his itrar shade is thle mode of tile

l'de, heceforth caled Vl \.\ (see Vigure I).
ri1c orello ti. it of Nfvlu I \\ nius t



be : 3. Let Ni of grayshades of value i.
Thus, if N MAX < 3 , go to Step 5.

2. (drayshades that are one or two counts
warmer or colder from MAX are then un-
c ond itionallv assianed to the mode that MA\
has begun to define; however, if any NNAX
or NII~. 0 (a breakpoint), all furt her
assignment (if pixels to the mode on that side
(warmner or colder) of MIAX is terminated.

3. Further inclusion of any more grayshades
into this mode farther away than 2 gravshade
values fromn MAN is strictly dependent on two
conditions: (1) the number of pixels Ni must be
greater than 0, and (2) the Ni must monotonically'
decrease with distance fromi %I \. !\s soon as
either of these two conditions is not nict, assign-
ment of pixels to the mode of NI X is termiinated.
This is cdone on tile warmi and cold sides of MAXV
until either of the above conditions is broken or-
the end of the gra ' sha(e scale is reached, which -
ever comies first.

4. ho to Step 1, ignoring anY pixels previouly
accounted for. ( p) to -4 a odes are ail owed. If

.1 ave been chosen, ,o to Stt(l-)

1. h l-ik Uld inn liedt all\ le'ftVer" p~ixels
too eXlstll_ 1110les if lisiii.I uftovur pixel

are those not acoutnted for in Step, I - 1. ILeft -
overs are placed into thle warmest miode that is
closes--t to it (see Figure1- 1), and in no ci rcule -
stance willeftover pixelts w,%ar-tier than the pixel.-
in any-, niotle hie included in a mrode. This enusure-
,at clear pixels ivill not Iho inserted into cloudy
node.-; hiowever, thtis als 5(iallows for- somne
un-cssi-medl pixels.

T'here, are somle unclesi cable loopholes iii thtis log~ic that are n ot ,ii.wediatel.\

obivious. ()ne sitnation exists when several pockets of IR L ravsliadeswih peL

('.- ) lie i. -lated fromr a mode .-o as nit to he included] in or assi,,nud to that

note. ~ 0, Ina aYcS, SItL brakpoints separa te sulist anti all" v'i e an oups of
pxi from whalsould perhaps he thleir own mode (see Fig-ure 1) Ihem 'D)\JII'H

arcctunts f,,r thiese pixels~ in total clould calculations; however, siub t-qI nit 1laver

callculations using thle 1eftove01 r Pixels ran1 Unjnstl inroa4 socloud AT-ilint- and

beight s. Such is the case in lFhrure 1, Mode 1. ThV~i -i hle 2 1preaid if thtis

mode, re pres-enting a _-T of approxi! iatel\ 40' 1-, is i-i iuch too ct-cal. klihoILcl

the rnaaoritv of the pixels in MIode I ace concentrated around Lgravshiade valute 31
9le II) NI: il would Choose a.s a representative value (usinlg Solicorie I of t'able 1)

the. rolde st gra-, shade in Mlole 1, whi rhi is-I, . T he cise (f s;uch a cold valIue for



this cloud layer seemingly must overestimate its height. It can potentially over-

estimate cloud presence as well for modes that have a mixture of clear and cloudy

pixels.

Inassigned pixels appeared in 26. 7 percent of the 1400 MODAL cases we

studied. Most of the time the .T spread was considerably less than the 40"K in

lirure 1 and man% unassigned pixels were for cirriform clouds, for which a siz-

ahle -, T is expected due to differing degrees of transparency of the cirrus clouds.

Another situation that commonly arises is that of overanalysis. On account

of the monotonically decreasing criterion in Step 3, and the breakpoint criterion

in Steps 2 nd 3, N\I()DA\I. tends to be too sensitive to small features in the image

data. Figure 1 also demonstrates this point well. More logically, Modei 2 and 3

should he considered one mode. In general, MOl):\l. identifies too many cloud

modes and misses some clear areas. Some of this may be due, however, to the

fact that satellite Il1 data is relatively more sensitive to high clouds than to low

clouds. \\ e have mentioned briefly a few of the apparent shortcomings of the

M( I) \ I. analyses. \We realize nonetheless that \ F(V( is aware of these short-

comings and we anticipate that an updated I H image analysis algorithm in the

P I'Ni:iIl will attempt to solve them. (The Heal-Time NE'lP - ITNH I'IT, is a

suntl antial revision of the :)N I: tIl scheduled for use in I983.)

2.2 I'1i, (:l, SI'JI \Ii rithin

C1.1 sI': was designed to aLLlyze a 1G x 1 G arr:y of infrared imagery. Thus

four :1 x ; %l( l-\ I.-type arrays are contained in one CIl STIH array and, in all

the 1laorithn testing we have done, four MODAI arrays have been calculated for

each (1.I I ll.1 ar. [he f(a I.t h 'LICSTRI runs on a 16 x 1G array does not

restrict its potential application to the IL)DN . I'll since the critical grayshades

determined Ih% (:I ( STIX H can be easily applied to the four 8 x 8 arrays within the

I f; \ 16 ar ray to give s ;eparate esti nates of cloud amounts and altitudes on the

eighth-mesh o)r 25 n mi grid scale.

The first step of this algorithm is to separate the array into, four quadrants.

tlistrams are olitained for sixteen intervals per quadrant. The action of the

algo rithm is to transform th,_ -" histograms into clusters. At each step, transfers

are miade fri iv quadrant, having smallei f!-,!uencies in an interva_ Lo the quadrant

hiixving the largest frequency in that interval. This separates the data into unique

clu.ters r ompletel\, consistent with the overall frequency distribution of the whole

it" 1. I'll,, critic:l grit\ hd i.i% , which are the tranm itit,n grays ades between

Clult-'r>, it-' icvlld Cut lvels.
I'lhe alforithm is essentially sequential, and can be stated, therefore, as a

list of ,per:ltions. Small Ioops ,ometimes occur within these steps, but no loop

, 6



OCCr's amInor between steps. This characteristic makes for very fast execu-

tion As compared to alorithms that require many iterated calculations within

1 a-e loops. The majo- step- in the clusteringl procedure follow:

SI'I I' I. I ;ulhscript the 16; x 1f infrared array bhy
quadrmts. "I'his difflensioned variahie could be
laheled 111 ( t, (.I). The four is for the four quad-
raIIts Anod the Sixty-four for the 'A ' 8 values within
each jiidrant.

S1: P 2. ie iI)Nl I'll ra',shades (;-hit or G-
ciayi.ih~tes linear with temilperature from 310 to
210 10 :itre placed in 1(; intervals. The widths
of the iuterval, are s hown in Ta)le 2, mad are
recOgi. :ed to include all 01' uea'l\ all meteor-
ologic:dly si,-tificant data. Interval I include,;
the \warlvsetst colunts, and Interval 1(G includes
the ctlk e t cout t.

> 1 I 1' : I't l' t;ith liIlter' ki.' , place tlt, :-nutl (.f

III f 'ui l i cl iii f 'll i .< i lt-t i In t' t 1h 1.i .alll

!'iniu th, ' .t o,-i fi'q ilic \ ;Aluu' for thai ill-
.If lul- t -xst f, l i u.-t , at'.

1t! 0it 0/~ -nu ai- . 'no-. 'ht tlt. I ]..tl'tl (1211 a.

t i II fs i ij' th :-tIs It t l it Ill-

>1'11' ?. If :m\ 1111d!l% t (cllstii) has less thill

iIi'to l,. tilnts (:, ptercent of total C('\-e'2ag i) l'we
it ill t. ,' c k'l't .t t lu , I'.

' I I I' ,. Ior iy cluster conisi.-tingq of two parts
6 ,ite ,1" mlor'e . elro inter'xal-, hetwveen Inol-:,eio

frmfttenCieis), eparitt V > )Ilttint e e in a 'er
cluster if a ' el, cluster exists. If lot, put the
olt close. t toIl zmother cluster into that cluster.

SII' 7 Tombine close clusters. This closeness
valuc i,- a, of the parameters open in the analysis.
It was selected so that clusters consisting of values
at (,ll\ one interval and having a similar cluster one
interval away in another cluster are colnahired into
one cluster.

STI1' 8. E liminate clusters with less than 13 points
(,, percent of coveiage). This is used a second time
since the separ'ation of multiple clusters could create
a small cluster.

SI' .I' 9 Summarize cluster information; this in-
cludes the generation of histograms of clusters,
nunher of clusters, and critical grayshades or
cut levels that separate cloud regions from one
another.

11
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Table 2. Corresponding Interval Ranges for the 6-Bit DMSP Data Used
in This Study. The temperature ranges are determined by linearly
converting the ends of the corresponding grayshade intervals to *K

DMSP 6-Bit
Interval IR Grayshade Range Temperature Range OK

16 52-63 227.3-210.0
15 49-51 232.2-229.0

14 47-48 235.4-233.8
13 44-4b 240.1-237.0
12 42-43 243.3-241.7
11 39-41 248.1-244.9
10 37-38 251.2-249.7
9 34-36 256.0-252.8
8 32-33 259.2-257.6
7 29-31 264.0-260.8
6 27-28 267.1-265.6
5 24-26 271.9-268.7
4 22-23 275.1-273.5
3 19-21 279.8-276.7

17-18 283.0-281.4
1 0-16 310.0-284.6

These cut levels are the major result of the clustering routine. Along with

the infrared values, they specify clustered regions that become the subject of in-

terest, and represent a dimensional simplification of the imagery data. Figure 2

Shows some results of calculations for a GOES III image sample. Quadrant histo-

grams appear on the left, and cluster histograms on the right. Summaries are

griven helow these as marked.

3. st \\1 \INIIs OFW IIE )..V \ SET

The data set used for this study was taken from nominal 3 n mi resolution

Defense Meteorological Satellite Program Operational l.inescan System (DMSP OLS)

visible and If? data. ( Inly Il data were actually processed, but corresponding visi-

ble images were used by the image anal'-sts to help in making accurate subjective

cloud amount and type clabsifications. The 0lS is the primary sensor on DMSP

spacecraft. It is a dual-channel scanning radiometer that senses reflected light

and emitted infrared energy in the 0.4 to 1.0 m and 10.2 to 12.8 am spectral

hands, respectively. \ more advanced design of the OLS enables the earth sampl-

ing to vary much less in resolution as scanning proceeds from nadir to higher scan

angles. The 3 n mi O)lS data described in this report were smoothed twice: first,

12
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GOES 8-BIT

GRAYSHADE INTERVAL UNCLUSTERED CLUSTERED
RANGE # QUAD. FREQS. CLSTR. FREQS.

206 - 255 16 I I
196 - 205 15 I I
186 - 195 14 3 17 I 120 1
176 - 185 13 1 8 1 38 1 1 146 1
166- 175 12 3 3 3 I 9
156 - 165 it 2 3 1 6
146 - 155 10 1I 3 I 4
136 - 145 9 3 5 2 110
126- 135 8 1 4 1 5
116 - 125 7 5 1 6 112 1 1 1 1 124 1
106 - 115 6 6 1 9 1 9 1 1 1 241 I 1 1
96 - 105 5 126 I 4 118 I 1 1 481 I 1 I
86 - 95 4 122 1 6 1 8 I 1 I 361 I
7b - 85 3 1 5 117 I 1 1 1 1 123 I I
6 6 - 75 2 I 1 I 1 I I
0- 1 It I 65 I

I 's 164 164 164 164 1 1108124 143 181 1

CLs'r k. NO. 1 I 2 I 3 I 4 1
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The samples are mostly from regions of feature transition. Flat regions were

occasionally selected hut, since these do not generally reveal much about the

capabilities of the algorithms, samiples that include more than one, level or feature

(that is, land/cloud) wer( )rtinarily chosen. These levels rangle inl contrast from

multilayered cloud scene~, to simpler cleat/cloutl ,cenes.

[he data set was sent on tape bv A Ft,\ to AFl(;I., and eighth -1mesh samples

were collected and saved using the NMcllAS. Dlat a and alztori thir re.sults were

printed out for each of the '151) ca(ses inl the set. The res ults for (a..e 2102 are

shown in Figure 3. D lat a . uc h as s;hown in I-i durev a, ii so t, onmiae the per -

formance of the algorithmns. \t the top of 12 goire :-, some~ information concerning

which inteagerxv the case came from is ltretittad] I he daita, cloudl tx- pes obiserved,

and back ground (which wert- into red bY the operAtor hiriti- the tupl save gYen -

eration) :ire fiven. '1I lit top array contain-, the Gi~nlP-kt infrared inai.evau.

(.\ valuie of 0) is warmest, Ind G32 i coldet.t. ) l.-it.of Nit, V \1. til] C[A. S i'li iLre

then listed in coded formi. 'I. represent- the" I owe - laxt r (wo-tnume Icor

clus ter), ". the next ]i_-Iw,t (nest cellis t) lai I-, - l t
t
t- t t, IIIi If' thle'h -.

Ia cct 1. (Note' thatt if only two( Llxi r tie foui-, .r-r-eit t ios*coldIlest

One.) irix shati cng for t!"e fetl. ill, l .o - -a ] one (I I t i'li 'itotx 'Ire

thenl _givem it t~lt tottt oIf thw pt1-ntent.

cloudail-i for Ps Illioa.-(ihhftd-ro - r'-(sitoth
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tIte.-e are CIlea r I .andc]/ %k ate r/SnOW, ('tIuulus, StrIatus, St rat ocumul us. Cirrostr at Ls,

t ruand ( umuloni mbuLS.

laieA. ( CO~pO~itkIil Of thle t lud lnIai.erv' Smilple Set

CI. L'(I~ Is L< St C c(ji C 1

I his -separat ion is (lone onl the basis of tile major cla5 4sification (the most

dom-,inant tYpe) for each .anple. Minor constituent.- usually occur in all cases

erNCept clear land orI clear water. %k e feel that this samiple is more than adequate

for evaluating'M \l1 ) M and (I' r1 I-tYpe al gorithmis. The fundamental drawback

in the evailuaition oif s uch algoritbnis is the subjective approach that is required to

s-ettle On (aI) %%hat is dIeired of anl algorithmi like ?\l( DALI, and (b) once decided

upon, bow. well %I( )D A 1, and other a Icon t bins meet those criteria. Th e criteria

we feel to be of iliportl~ick Lre cnnumerated in the following paragraphs. Also

s-tated is; tile rationale for separating a gridi b~o. into regionis or layers.

Separation of I as'ic features- for miaking sim ple accurate state ments ahout

Cr0) boxes is the C"ol. In thle 2t)\ IC 'l thes-e features (regions) are referred to

as layers. Vatulh *\ laxcr, standitin out from other lavers are most desired to

he separated. Two Ilavers ha rdlv (lNistingui shahle from each other should be

ana \ O~ as((o lver. tti1th si so of the area aind how mruch the area stand

outt from ad jacent a reas 511 )uld dee rimine whether or not it qualifies ais an in -

lipenilont laive r. I hose Coails- arc niot stated e~lctl;however, 1)1ev are

im plicitly- included in algorithmis that perform tile separation.

The separation should lie iliu1tUally exclusive. In other words, tile sum of all

thle layers/ clusters should cons titute the whole Egrid hox area. Amiong other things,

this makes for a complete analysis and nok e meaningful data reduction than if

this is not a requirement. CLUS'IAl has this feature. MNODAL, lacks this feature

since sometimes III values are not assigned to miodes; however, subsequent proc-

essing in thle 3l)NIA'I' idecides; whether thle unassigned Ill values are clear or

clIoudy.

Thle sensitivity of tile separating algorithm should he reasonable from the

warnlest equatorial regions to the coldest polar regions. It would also be an

I R



advantage if it could be tuned to give a desired response. Both MODAL and

C LI STER are open to tuning, but CLUSTER is far more flexible in this respect.

For operation in the 3DNEI'lt model, fast computer times are required to

perform the analysris due to real-time processing constraints. If an algorithm is

not fast enough it cannot qualify for use by the 3DNEPHI. Of course, MODAL

satisfies these requirements. Our experiments with run times show that, on an

average, MODAI. takes 0.026 seconds, and CLUSTER takes 0.094 seconds. Com-

paring area-weighted times, CLUSTER runs a little faster than MODAL does.

31.2 IAidiw(ill *)t tile 'L'%% kI.,orithii~ins Tlenn.i, of Ihe Se~en IHasic Categories

Clear. From the point of view of region separation, this is a simple category.

Problems arise not from algorithm inadequacies, but from the very nature of the

IR data. There are instances when low clouds blend into the surface temperatures

and, consequently, are not separated by either MOD.IAL or CLUSTER. Therefore,

clear regions and scattered cumulus conditions are often difficult to separate

satisfactorily. F'igure -1 illustrates how the 16 x 16 CLUSTER arra siz:e has a
"context' advantage over MN()D\L,, when scattered cumulus are present in an

otherv.e clear area. CLU1STER identifies two distinct layers, compared to just

one layer for I()I)_\I.

In v:armer reuions where land temperatures approach those of water, subtle

land/water distinctions are barely discernible by the Ill sensor, and commonly

indiscernible by the ll)I. and CI.A STER algorithms (Figures 5 and 6). W herever

temperature contrasts are great enouzxh, neither .110D:1. nor Cl.tSTIJ? has serious

problenm s in land/water separations.

Cuniulus. There are several problems with the ability of both MOD \ I, and

CLSTER in the analysis of Cu. Most of these problems, however, are due to

the physical nature of the clouds themselves. They generally do not fill the field

of view of the sensor. Thus, calculations of total cloud are difficult to perform,

especially on a pixel-by-pixel basis as the 3DNEPtt essentially operates. :\n IR

pixel that represents a Cu cloud that partially fills that pixel contaminates the

ara.yshade: the temperature that grayshade represents is actually representative

of some cloud and some ground radiation. The observed temperature is warmer

than the actual cloud element's temperature, but colder than the underlying sur-

face temperature. When the algorithms compare such a temperature to an adja-

cent clear pixel, the difference in temperature (grayshade) may or may not be

enough to allow MODAT. or CLUSTER to distinguish between a partially cloud-

filled region and a clear region. It should be noted that this is not necessarily

an algorithm problem, hut a physical one due to IR sensor characteristics, field

17
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of view, and atmospheric attenuation. Nonetheless, CLUSTER seems to handle

these situations more favorably than MODAL, since MODAL "tries too hard" to

separate subtle changes in grayshade. Separation of Cu from higher layers does

not present a problem for either algorithm.

Figures 7 and 8 illustrate the action of the two algorithms on cumulus fields.

First, notice that MODAL overanalyzes (provides seemingly irrelevant detail)

in some places, and that CI,USTER gives an apparently neater analysis. Points

not analvzed into a level by MODAL. are blank in the illustrations. These points

are warmer than the warmest mode (see Step 5 of MODAL in Section 2. 1). While

the two cases represent specific situations that are not that frequent in the data

samples, they do indicate ,INODAL's apparent problem of overanalyzing the image

data. RI)D.\L might be characterized as being "oversensitive" to small changes

over small distances. Some of the variability in the MODAL analysis occurs at

the boundaries of the quadrants. MODAL is not at fault here since the individual

quadrants may have appropriate layers. It must be remembered that the MODAL

mapping is made up of four independent runs. Symbols may not represent the same

temperature range from one quadrant to the next.

Stratus. Neither MODAL nor CLUSTER has a problem with flat fields of data.

Stratus is one cloud type on which the two algorithms behave similarly. There

are cases to he found throughout the stratus samples that support this observation;

however, again there is a tendency for MODAL, to be oversensitive, and put in more

lavers, than necessary.

Stratocumulus. Stratocumulus poses less of a problem than cumulus since these

clouds tend to fill more of the field of view. Thus, many of the physical con-

straints inherent in cumulus detection and analysis are not so prevalent for the

proper detection and analysis of Sc. Both MODAI, and CLUSTER tend to find too

man., layers of Sc. They do not always do so on the same cases. Examples of

()D.\ 1. ove rauialy sis of Sc are in Figures 9, 10, and 11, and for CLUSTER in

IFilures 12, 13, and 14. Both are finding subtle changes in the temperatures of

cloud fields. Wke feel that the cloud analysis would be improved if this sensitivity

was tuned out of the algorithm to be used in the 3DN Pitl.

Cirrostratus. Cirrostratus fields tend to appear flat and are generally well-

analyzed, since temperature differences among these ice clouds and most any

other cateigories in an image are great. While both algorithms perform well,

MODAL, has the tendency to find too many layers, as noted in other categories

(see Figure 15, for example).
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('irrus. Both algorithms tend to find too many layers of cirrus. MODAl's over-

analysis appears to be worse than CiUSTER 's, however. Cirrus boundaries

naturally are the cause for this problem, as transition zones among solid cirrus

and other regions are partially filling the sensor field-of-views. Also, cirrus

variations in thickness and, hence, radiative temperature contribute to this

problem. \While some altitude variation of cirrus is expected, the algorithms

respond too strongly to field-of-view and emissivity variations. As with previous

cases, these sensitivities should be tuned out of the operational algorithm.

(imiulonimbus. Both algorithms have little problem detecting the presence of

cold reg,,ions adjacent to warm regions; however, both algorithms tend to be too

sensitive to Cb edses. MODAL seems to find more lavers at the Cb edges

(Figure 1G) than (1 .lSTt. It is interesting to note that in many Cb cases where

Mtl) \ I. has 'undefined" pixels (see Step 5 of MODAI. in Section 2. 1), clouds

are _enerally found. In addition, these areas seem to be where ('IASTER

eve t'a1nal\l zs.

A{.3I Ir'ili' (, I ( ,r mid Mhodes

I'he 0 cases we re reexamined to study the tendency of (ID\ 1. and CIASTER

to fin d too tm an, cloud layers. [or this study, we looked at clear cases that were

e ntirely clear, and cloud, cases with only one categor. of cloud. \%e were left

with -17 clear ' ses; 27 with a mixture of land and water, and 20 with a uniform

back2round. \\e also found 168 suitable cloudy cases. The clouds- cases could be

overcast or partl, cludy, as long as the background was uniform and only one

cloud categfor\ wa.l present in each case. The objective was to identify cases

w'herte the Mlid \S observer, usingz both IR and visible imagery, found only one or

two i'e Lions pi " ca:.,e, s o that onlY one or two clusters or modes would be the

(e5ircd result of the alzorithms.

Ii gore 17 shows the percent distributions of the numbers of clusters and

mode.4 for these cases. ('irrostratus and cumulonimbus are not shown since

there were too few cases to define a distribution. ClUSTll performed well for

cumulLs cases since the desired one or two clusters were found 86 percent of

tie time. [or clear cases, both NlI)A 1. and CIIST ER performed well. There

were a few cases over cold land or snow where CLA STER found two or three

clusters when only one was desired. The larger array size for CLUSTER may be

more sensitive to thermal gradients over clear land than the smaller array for

M(.Ni) \ I.. %% e will look at this in future studies to ensure that the colder land

clusters are riot improperly identified as clouds.

3 1

-. - - - ~ Sr. -,... . . .-. . . . -



SA-12-E v4 '4U)aL-CUSfrE A'iALYSIS 6-01T I' GIAYS-0AQE

U"*~IT 92757 Dkc. lb, 1479
Tv .1 e-3 CLOJUJ: C3 Cl
TV E6L 27 IGNO: W4T

62 5m be 6 2 be b b? b 61 60 ,.4 60 61 62 o2
Is? 5? m2 be b2 be 6? 152 be 6e 61 62 62 b2 be 62
52 S? 3? be 62 62b2 62 62 S2 61 b? 62 62 62 62
S? ' o 1,2 be 5 2 be 2 b2 -2 b b? 62 62 62

S-7 -. , be be be b2 b2 6? be 6? be 6? be be 62
SS 53 -3 , 57 ? 62 61 0 bl 2 6 be 62 62 b

. . J. '4 ... .5 J9 51 ,'4 b1 51 6 .be .62 6? 62
45 4 .41 it SS b J4- ) - -60 be be 61 62 , 6- 0

Q7 4 ; 41 .3 31 3 b 3 361 32 3e (3 55 ,A 5 A6b 61

43 4 3 3 3 5 " 34 39 36 30 30 3i 46
31 > 7 vi S-,-, 3.. 0' 5i, ?t 6 v 5 56 5 A 37 37 39
13 S o S 4

7 
e S2 eI 1 21 e 1 23 25 11 1 S 31

Qu $A 1( in 3-1. 4m (i SI 3 el alys26 2 33 33 ?b
21 1 1 5? ie 33 3 3. ; S ? , 2 ? 22 2140 30 32 28

?e5 e, e~ 3 ? 7 e6 24 2s e 21 24 29 S 3) 1 4

J -L *.' :jSTEQ &'4LYSI3

*L L L L L, P- 6604 4 411.41

L* L L -4

L L~~ LLLLLL

.L L L L -14' -,4 4 4 4 M 4 .14

L.- L . . . . . .. . . .4 -4 4 .44 " ' 1 4 1 4 4 1.

'1 -4 .. .. q q

.~~~ ~ ~ .- . .46. '. 4'

. ....... .....4.L.L.L.....
-L L. L.L .L.L. . L..

L ... .. .. LL LL . . . L

3J~ i. T.r 1; -- ' 4.C zVT3 1, 4TS a 4NG CNTS I

.u446, I 1' '-4 I' , 5 I -b 0- 0 1 0- 0 0 ICL 0-28 39 15
4.40i 2 '346- 65 b - I 1 , 0 0 0- 0 0 Zz. 29-36 139 ?3

3v,,A. 2 '-3 1 1 30-36 Ph, SR-44? 1 32- 19-46 26 v
.ij&.IAv 4 ei~? -2o 1) e.4-la 22 35-b2 e4 .42-4 -7-6130 50

i~j~tl 1. \(0)D\. .ind A ul1 nalysis for Ca~se :349

32

47*



CLEAR 80-

47 CASES 475

40 40

113

0 0

CUMULUS 80_
67

73 CASES

STRAITUS

27 CASES 4-3

2 6 30 22
' n5

S STR A TOC UMNIUL US 90-

2CASES 55

40 r~ 8 3- 34
2P1

r ~39 CAS6ES466

S 13

rjjr.IER OF CLUSTERSIPMODES CUTRMODAL

I~~kl( 17. 1 cvctl t I ojtj)tf f the \111he, of M~~-/\ode', for' I :iic
-t; iZ,0 11)(I (I1011]'( h \ISO it!, )11. I o11W c~y of (Iln P'er ('AIse.

W-NW



Thfe cloudy' categories in Figure 17 confirm the examples in the previous

section. Bo0th MODAL and (lA STERI are tending to overanalyze cloud layers,

finding 3 or 4 modes or clusters when only% I or 2 are desired. Moreover, MO DALV

is overanalyzing more frequently than (CLUSTER. '[he cirrus cases are the wor.,t.

(The few cases of pure cirrostratus and cuinulonirnhus also Lended to have 3 or -4

modes or clusters. ) It can 1)e argued that cirrus may\ he found in multiple layer,

so that 3 o~r -4 clusters or modes would be acceptable for some cas-es. Nothing it)

our meteorological experience, however, leads us to believe that this should

happen 92 percent of the time as Fig ure 17 shows when the percentages for :1and

-4 clustersf modes are summned.

'I'wo further comnment s related to the excessive ri-i her oif m1odes4 found byN

M\OD) \ 1, should he made. First, the most recent technical report on the 4)% I'll11-

sitates that a mode is defined for a single iravshade that containls ,or m1orle

siamples, or a group of adjacent ra1,.,hadcs conitaining 12 ,r miore sam Idecs. Th Iis

i s nio lon gex the case in 'M )D \I., since a s;ingle rvsaethat contain 3o ur m:ore

iafl1 pIeS ctprsently' define m 1odte. '[he.s sal modes; cootrillhute heavil.\t

NRlD 'l\ 's tendency- to find miore modes thanl r serive rs Canl finld in) the 11? or vi 5 i le

imLager . Thle second con, ment is that niot all the 1viode, ill \1 )I). ar'e de."ignlat d

a, 5eparate cloud laesbY the .4)\ L'11. P1'ere are s;omc%%hat arhliti'aI'\ rutle,

elsewhere ill the "IL,\MA11 Code for comblinin-g the mode., into no 'neroe than two'

ClOUds' LlYe r:. \lthlouf ghWe dlid not d uplicate these rueinl this st c ud L S pe~t

that the ove raialvs is Of modes will still hie letimental to t lie final clou1d i ae r. in)

the 'DM, I'll1, at least w~hen cil't'ns i, pro s ent, aol pi'oliabl' for Other' c1011dl cte -

~o's as %vell.

santicipatedI, hoth al .oritllln s perforni oi ext rvel wel (ovo~ 90 pe) rce nt

acc uracv) when analy 7ing sail aples where onil\ ne o cor- CIluster' was desiAred.

It sliotild lie nioted, however, th at thle majority% of cases clont-iininL! onl.% one hmm-

Lgeneon s re_,gion were clear land, w.ater, Or snIOW anld unlifol'!11nS tl-uts., u ~1x
tYpes; that present onk *r Inr llrohilems to the igrihn"

\\ ifle cases were icing identified and sanved on the McI)\,the i:,a,t

analv st s miade . ubhect ive e ~tilmates of the, ftract ion of c lou I c ate -'orito over th)e

P;0 x Pi; arrav of Il? values. T[he observer could look at liet visible and 11,1j

so that the estimate, of cloud cover for low% cloud,~ were iceneral I % t rtstv worthy,

and were ass-umed accurate to tIi) percent. Xs inl the pr'evioeu, section, 'simple'

cloud cases with onl\ one c loud cat e goI'\ apeari n g in ear ,ch~ were stutd ied.

Un observer reviewed each ease for hell, .%] 11D \ I .and t '1 .1, Isi'I, identified the

clout,' modes and clusters,, and calculated the total cloud cover for each V;~ \ F;
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array based on the numbers of samples in the cloudy modes and clusters. The

observer was performing the role of the 3DNE'PIT surface temperature field in

separating the clear and cloudy modes or clusters. (This was a time-consuming

technique that we will endeavor to improve for future cloud analysis studies on

the McID\S.) Results are given in Tables 4 and 5.

Table 4. (loud Cover Within 10 Percent of Observed

CIUSTER MODAL 'Tta I Cases

Cu 381 3 25Z 52

St 6 1 703, 213

S, 80?, 603 25

(i ' 0? 383 34

All 1 Ite e ,ori i )3" 432 ] 134

fahle 5. C loud (over C losest to ()bserved

CII'S I ER MODAL -ies - f'oti Cases

(u A42. 12. 52

-a 3o' 133 57, 23

44q 28". 28, 25

1 58" 47" 153 34

I ' UT ( te,.ries 411" 36'" 23. 134[ . . . .. . . . . . . . . . . . . .

Tahle I -hows the percentages of cases that had cloud cover within 10 percent

f the observed. For the total of the four categories of clouds, CLUSTER per-

f,,rmed better than 'MI)\. (:3 percent compared to 43 percent) but there is ob-

vi .u-lv room for imiprovemenit for both algorithms. The cloud cover estimates

,.,re weakest for ct.,ulus and cirrus categories, which is expected since these

( Itegoriv , are mot likely to have subpixel cloud elements and highly variable

r ha'I.r-; ill Cloud enli.ivities from one pixel to the next. The categories with



li r ~e clo ud ele ments, St and Se, had more accurate cloud cover estimates for

hoth all -,o rithmils.
F able -, s;hovs the pe reentagus of cloutid cover- estimates that were closest to

thto olt,erved values onl a case -hw-case basis. CLU.STL I? had cloud cover esti -

5lsetto olhsteve foi- :3 out of I categories, and for the sum of all cate-

110%V ttever , tile ditferetice s be tween '.\I( I) 9. and ti. (SF I: H are niot great

il thlis cowi arisoln.

1'lhe av aaet Cloud covert, for observed, \lt )\LI , and (C1LUSTER21 estimates

we tor caletti atel for! each catterorv to see if the algorithm a were finding more or,

I Os cil I thanm the ohl t o ved. VFe i-v little difference waIs found for- Cu, St, and

So, tt l( \ a (11, 1, F -lbohfud bu pectnit more ti thanl the image

*I, p-a,, j t h- over es;timates4 of ti covoradfe often seemned low com -

I o! - r~itotot ti analyses of the lb; x 16 arrays of Ill data. For this

t~n Itk.tott\ , t'tti eo% ei, the visible data was- not- very, heltoful for estimlates-

c~~~m M1l3 uc, an covtaI ff(ontvI.iI~e_ C ss

F ho uiiectiv, -41 iate, of ptercent cloud cover were almost indispensable

0 'tt d a~!tic!P \1" % 'lt1I) \1 IaLc0iritti, alon2, wi-th an lternlative

CIA1SF i 111,tittt i hiate found thIm CIA, S l1*ll performs, better. "Ih!e

ill .1 5FIl .u1 dotit'iin. find.-1 cleat'1 CIloo boundaries-, nu~iJters, of cloud layvers, and

f..ttit. of cloud c 'verl that wte cloc- er to thos e estimated Ilt\ oltset''t'0r evaluatingt

the [I ild visible I lii-. 'e Nk i)D \ . ai]Qoritlim find,- more cloud la.%ers than

a1-k roh'Ierved, intld tenlds tO 0ee i':utlld m' rve gions of transition freom one la\e r to

anlt 'tter. FPIC CIA SF 1,1i aL 4rithw it, dot, god to assi irn all points to a lat'er in

al opttimial 11attnev. Itl Ml( i)D \ I. altioritltit fr-etlentl\ (27 percent of thte time)

tor!t inaltos itt, iti ,to02ralir ilts witht mnassidned points;. Fliese ptoints are later

as relto warllie r notlose-, wich wvill tend to overe.stimate the altitudes of clouds

inl thotse tattles (except ot trifrwit itecitriet,), since the 3l)\ Klli oses the coldest

ira-Zvab 1ado in a nttlo to replresent thle entire mode. (21. S I 1 uses a larger array,

of satellite data, antI appeairs to benefit from the extra information liv improved

dletection of low% clouds suchl as ctumtulus. C'IA Si' E1, moreover, produces all

the information necessary\ for cloudi cover estimates at the same mesh size as

the MIA1 Il. ( n the %tll) \S, CIA,1S'l'El takes ver ', nearlY the sanme computer

titme as NI( Il)L\1,, so that its computational requirements are reasonable.



Dos-pite the overall advantages of (*[A. STERI, there is considerable room for

improvement, and algorithm development leading to accurate cloud analysis should

continue. In particular, CI 1.ST I I finds too manv lavers of cirrus clouds, and

the fractional coverage of both cumulus and cirrus clouds usuallv differs from the

apparent coverage on the satellite imag4es. Wh len thermial graditnrts are found in

clear land or snow, it can also find two or three clusters when only one is desired.

The MOtD \I. analYses were slightly hetter in these areas.

t nlike WI)D\L, the tYEJtSTKH algorithm can he tuned in a number of places

to reduce senisitivity, and g'ive results closer to those that actuallY exist. For

instance, it might he possible to improve cirrus laye riniz hr" increasing the in -

terval sizes in the cold temperatures. Surface regions can h~e simplified; that is,

anal,%zed into fewer clusters, hrv increasing the minimum size of a cluster. These

are b~ut two.(- examples of how C I .ST IA1 is open to tuning hrv making very simple

alterations to the algorithm. There Lire other places in the algorithmn code where

simple modifications- can he made to hetter model specific meteorological condi-

tions; that occur' comn onl\ (n a O'olial basis.

T'he \FM lh;w ias Ieco)Lnized tile limitation,; of MOt I) I, ao the comnplexit- in

comtputer code, s o that a substanti all,, revised vers ion ha. been written for the

planned tipLrade of the :Al)\ KI'l known as tie Heal -Ti me Nephianalrsis- MIl'\ 1:1110.

V. ith the m~ ttinue cooperation of \ 1-(;\\ C, andl drawing, on our experience with

\l( )D.\ and ( [A STI' (, wve plan to evaluate the HTI'11 l!istellite analys4is alco(-ritbia.

'A e also planl to use thle capabilities of the 'dcIl b\S sxs.tem for, iiaprov'in- es-timate~s

of ''cloud truth'' for the evaluation and refinemnent of the cloud anailysi al doritlims.

Finallx , we shalprol ose the ueof a modified tI 1.15'R tal zorit Wa, level oped at

\ Ft I,, in replacemient of, or in tandem \Vith, the I 'l -l\lI i111age analv sis

alg oritli s.
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